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Abstract 
The reactions between two equivalents of PhCH2K and AeI2 (Ae = Ca, Sr, Ba) in THF give 
the alkaline earth metal benzyls [(PhCH2)2Ca(THF)4] (3), [(PhCH2)4Sr2(THF)3] (4), and 
[(PhCH2)6Ba3(THF)4] (5), as orange, crystalline solids in good yield. While 3 crystallizes as a 
molecular species, compound 4 crystallizes as a ribbon polymer and 5 crystallizes as a 2-
dimensional sheet in which the metal ions are coordinated by either benzyl and THF 
molecules or benzyl ligands alone.   
Introduction 
Over the last two decades the organometallic chemistry of the heavier alkaline earth metals 
Ca, Sr, and Ba has seen a remarkable renaissance.
1
  This may be attributed to the discovery 
that the chemistry of magnesium and calcium is not limited to the +2 oxidation state,
2
 to 
developments in ligand design and synthetic protocols, and to the realization that organo-
alkaline earth compounds may act as catalysts for a range of olefin transformations, 
polymerizations, etc..
3-5
  One of the first indications of the catalytic potential of these 
compounds was the observation by De Groof et al that in situ-prepared dibenzylbarium 
mediated the anionic polymerization of styrene.
4
  It has subsequently been shown that 
variously-substituted alkaline earth metal benzyls and related -bonded organometallics 
catalyze a raft of olefin transformations, including the syndioselective polymerization of 
styrene, and the hydrogenation, hydroamination, and hydrosilylation of terminal alkenes.
3-5
   
 In parallel with developments in the use of alkaline earth metal organometallics in 
catalysis, great strides have been made in the structural characterization of these species and 
well-characterized -bonded organometallic compounds are now known for all of the heavier 
group 2 elements.
1
  The electropositive nature and high size-to-charge ratio of the heavier 
group 2 ions Ca
2+
, Sr
2+
, and Ba
2+
, and their consequent lability, often renders their simple 
organometallic derivatives, such as the dibenzyls, insoluble in non-donor solvents due to 
extensive aggregation.  In order to overcome this various strategies have been adopted, 
including the substitution of the carbanion center with lipophilic groups such as Me3Si, or the 
incorporation of donor functionality in the ligand, the latter strategy rendering the ligand 
bidentate and thereby able to occupy vacant coordination sites and so disfavor 
aggregation.
5b,5c,6,7
  The former strategy has the added benefit that silicon (or aromatic) 
substituents act to delocalize the carbanion charge, reducing the nucleophilicity (and hence 
reactivity) of the ligand.  Given this, it is perhaps understandable that, while 
dibenzylmagnesium and dibenzylcalcium have been structurally characterized,
7e,8
 the parent, 
unsubstituted dibenzylstrontium and dibenzylbarium have not.  We now report that these 
latter compounds adopt network structures, even when crystallized in the presence of the 
strong donor solvent THF.
 
Results and Discussion 
The syntheses of (PhCH2)2Ae(THF)n [Ae = Ca, n = 4 (1); Ae = Ba, n = 2 (2)] have 
been reported previously.  While 1 was previously prepared through a metathesis reaction 
between two equivalents of PhCH2K and CaI2 in THF,
7e
 the preferred route to 2 (and its 
strontium analogue) was through ligand exchange between two equivalents of 
PhCH2Li(tmeda) and either Ae[N(SiMe3)2]2(THF)2 or Ba[OC6H2-2,4,6-tBu3]2 [Ae = Sr, 
Ba].
7f
  In contrast, we find that THF adducts of dibenzylstrontium and dibenzylbarium may 
be obtained cleanly from simple metathesis reactions between two equivalents of PhCH2K 
and anhydrous AeI2 (Ae = Ca, Sr, Ba) in THF.  These reactions give orange solutions 
containing pale solids of KI which may readily be removed by filtration.  For Ae = Ca and Sr 
these reactions may be left to stir overnight to ensure completion; however, for Ae = Ba, the 
poor solubility of the resulting dibenzylbarium complex leads to simultaneous deposition of 
this compound along with the KI by-product.  In order to minimize this deposition, it proved 
necessary to grind the BaI2 starting material to a fine powder and to limit the reaction time to 
1.5 h.  Under these conditions the corresponding dibenzylbarium is isolated in reasonable 
yield.  Single crystals of dibenzylcalcium and dibenzylstrontium were obtained by layering 
highly concentrated THF solutions with diethyl ether; crystals deposited on standing at room 
temperature.  In contrast, single crystals of dibenzylbarium were obtained directly from THF 
solution at room temperature. 
Under these conditions, pyrophoric crystals with the composition (PhCH2)2Ca(THF)4 
(3), (PhCH2)4Sr2(THF)3 (4), and (PhCH2)6Ba3(THF)4 (5), are obtained.  While the low take-
up of the strong donor THF by the large Sr
2+
 and Ba
2+
 ions may at first appear surprising, the 
coordination of these ions is largely dominated by multihapto interactions with the benzyl 
ligands in the solid state (see below).  The observed preference of Sr
2+
 and Ba
2+
 for 
multihapto interactions with phenyl rings has been noted before,
6,7e,9
 and is consistent with 
the observation that induced dipole interactions between aromatic rings and the closely 
related heavier alkali metal cations K
+
, Rb
+
 and Cs
+
 are relatively strong; the K
+
 affinities for 
benzene and ammonia are 20.1 and 19.2 kcal mol
-1
, respectively.
10
  Even the small amount of 
coordinated THF in 3-5 is only weakly bound: samples which had been exposed to vacuum 
for several minutes lose significant amounts of this solvent.  
1
H NMR spectroscopy indicates 
that, after exposure to vacuum for 10 minutes, the compounds have the composition 
(PhCH2)2Ca(THF)2 (3a), (PhCH2)2Sr(THF) (4a), and (PhCH2)2Ba(THF)0.5 (5a).  All three 
compounds decompose over a period of several days on standing in THF solution at room 
temperature, with the rate of decomposition increasing with increasing size of the cation; 
approximate half-lives under these conditions are 17 d (3), 9 d (4) and 5 d (5).  In contrast, 
compounds 3-5 appear to be stable in THF below -30 °C. 
 1
H and 
2
H NMR spectra of 
samples of 3-5 in d8-THF which had been left to stand for a week indicate significant 
decomposition and the formation of ethylene, perdeutero-ethylene, and toluene, along with 
several peaks in the region 5.5-7.0 ppm, consistent with the formation of alkenyl species, 
including the vinylate anion (and its perdeutero analogue).  This suggests that the 
decomposition process is not straightforward, but that it may partly result from a typical -
deprotonation/ring cleavage of THF.  Solid samples of 3-5 decompose over a period of 
several days at room temperature, but may be stored for longer periods at -30 °C without 
noticeable decomposition.  
 
Unfortunately, due to twinning in all of the crystals selected, which could not be 
resolved satisfactorily, the X-ray crystallographic data for 3 are insufficient for full 
characterization, but permit elucidation of the molecular composition and connectivity; 
compound 3 crystallizes as a discrete molecular species which is isostructural with the 
known benzene solvate (PhCH2)2Ca(THF)4·C6H6 (3b).
7e
   
In contrast, both 4 and 5 crystallize as extended 2-D networks.  Compound 4 
crystallizes as a ribbon-type polymer with two distinct Sr environments (Figure 1).  Sr(1) is 
coordinated by three molecules of THF and by the -carbon atoms of three benzyl ligands; in 
addition, Sr(1) has short contacts with the ipso and one of the ortho carbon atoms of one of 
the benzyl ligands.  This latter benzyl ligand bridges two strontium ions, binding Sr(2) 
through its carbanion center (C(1)), its ipso-carbon C(2) and the second ortho carbon of the 
aromatic ring C(3).  The coordination of Sr(2) is completed by the carbanion centers and the 
ipso and ortho carbon atoms of two further benzyl ligands, one of which is terminal and the 
second of which bridges to a symmetry equivalent of Sr(1), and by an 6-Ph interaction with 
a fourth benzyl ligand, which bridges via its carbanion center to a further symmetry 
equivalent of Sr(1).  In this way, the two distinct sets of Sr atoms are linked into a ribbon, or 
ladder, polymer.  The Sr-C(carbanion) distances range from 2.691(3) to 2.886(2) Å, with the 
shortest distance between Sr(2) and the terminal carbanion center C(22); the Sr…C(Ph) 
distances range from 2.907(2) to 3.382(3) Å.  With the exception of the Sr(2)-C(22) distance,  
the Sr-C(carbanion) distances are at the longer end of the range of typical Sr-C distances to 
carbanion ligands, consistent with the bridging nature of most of the Sr-C(carbanion) 
interactions in 4.  For example, the Sr-C(carbanion) distances in (Me2NC6H4-2-
CHSiMe3)2Sr(THF)2 are 2.798(2) Å,
7a
 while the Sr-C distances in 
[(Me3Si)2(Me2MeOSi)C]2Sr(THF) are 2.786(3) and 2.849(3) Å.
11
 The Sr…C(phenyl) 
distances in 4 range from  2.907(2) to 3.382(3) Å and lie in the typical range for such 
contacts.
6 
 
 (a) 
 
(b) 
Figure 1.  Crystal structure of (a) the asymmetric unit of 4, with 40% probability ellipsoids 
and with H atoms omitted for clarity, and (b) the extended structure of 4.  Selected bond 
lengths (Å): Sr(1)-C(1) 2.841(2), Sr(1)-C(8) 2.806(2), Sr(1)-C(15) 2.849(2), Sr(1)…C(16) 
2.954(2), Sr(1)…C(17) 3.382(3), Sr(1)-O(1) 2.6039(17), Sr(1)-O(2) 2.5510(17), Sr(1)-O(3) 
2.5499(17), Sr(2)-C(1A) 2.886(2), Sr(2)-C(15) 2.817(2), Sr(2)-C(22) 2.691(3), Sr(2)…C(2A) 
2.960(2), Sr(2)…C(10B) 3.089(2), Sr(2)…C(11B) 2.944(2), Sr(2)…C(12B) 2.907(2), 
Sr(2)…C(13B) 2.983(2), Sr(2)…C(14B) 3.142(2), Sr(2)…C(16) 2.969(2), Sr(2)…C(23) 
3.003(2), Sr(2)…C(24) 3.135(3). 
 
Compound 5 crystallizes as a two-dimensional sheet which again contains two 
distinct metal environments (Figure 2).  Ba(1) is coordinated by two molecules of THF and 
the carbanion centers of three benzyl ligands, each of which bridges to the second barium ion 
in the asymmetric unit; in addition Ba(1) has a short contact to one of the ipso-carbon atoms 
of one of these benzyl ligands.  In contrast, Ba(2) is coordinated solely by multihapto 
interactions with the benzyl ligands: two 6-Ph interactions, and two 3 interactions with the 
carbanion center and the ortho and ipso carbon atoms of a benzyl ligand, with the benzyl 
ligands arranged in an approximately tetrahedral geometry about the Ba ion.  Ba(2) sits on a 
special position in the structure such that the asymmetric unit contains 1.5 Ba ions, giving the 
structure the overall composition (PhCH2)6Ba3(THF)4. 
 
 
(a) 
 Figure 2. Crystal structure of (a) the asymmetric unit of 5, with 40% probability ellipsoids 
and with H atoms and disorder components omitted for clarity, and (b) the extended structure 
of 5.  Selected bond lengths (Å): Ba(1)-C(1) 3.091(2), Ba(1)-C(8) 3.054(2), Ba(1)-C(8A) 
3.071(2), Ba(1)-C(15) 2.963(2), Ba(1)…C(9) 3.309(2), Ba(1)…C(9A) 3.104(2), Ba(1)-O(1) 
2.7289(16), Ba(1)-O(2) 2.738(17), Ba(2)-C(1) 3.074(2), Ba(2)…C(2) 3.067(2), 
Ba(2)…C(16B) 3.188(2), Ba(2)…C(17B) 3.217(2), Ba(2)…C(18B) 3.249(2), 
Ba(2)…C(19B) 3.226(2), Ba(2)…C(20B) 3.203(2), Ba(2)…C(21B) 3.187(2). 
 
The Ba-C(carbanion) distances in 5 range from 2.963(2) to 3.091(2) Å and are 
somewhat longer than the corresponding distances in [(Me3Si)2CH]2Ba(THF)3 [2.827(3) and 
2.879(3) Å],
12
 but are similar to the Ba-C(carbanion) distances in the related 
diphenylmethanide (Ph2CH)2Ba(18-crown-6) [3.065(3) and 3.096(3) Å].
7g
  The Ba…C(Ph) 
distances range from 3.067(2) to 3.309(2) Å and lie in the typical range for such 
interactions.
6
 
Compounds 3 and 4 have limited solubility in most common organic solvents but are 
reasonably soluble in THF, while 5 has limited solubility in this latter solvent.   The 
1
H and 
13
C{
1
H} NMR spectra of 3-5 are unexceptional; in each case the benzylic protons give rise to 
a singlet at approximately 1.6 ppm, whereas the 
13
C{
1
H} signal for the benzylic carbon atom 
exhibits an increasingly downfield shift with increasing ionic radius of the metal center 
[40.94 (3), 45.80 (4), 55.98 (5)]. 
Experimental 
All manipulations were carried out using standard Schlenk techniques under an 
atmosphere of dry argon or in a nitrogen-filled dry-box.  THF and diethyl ether were dried 
prior to use by distillation under nitrogen from potassium; THF was stored over activated 4A 
molecular sieves, while diethyl ether was stored over a potassium film.  Deuterated THF was 
distilled from potassium under argon and was deoxygenated by three freeze-pump-thaw 
cycles and stored over activated 4A molecular sieves.  Benzylpotassium,
13 
 was prepared by a 
previously published procedure.  Anhydrous alkaline earth metal diiodides were purchased 
from the Aldrich Chemical Company (CaI2) or Alfa Aesar (SrI2 and BaI2); CaI2 and SrI2 were 
used as supplied, whereas BaI2 was ground to a fine powder in a dry-box prior to use. 
1
H and 
13
C{
1
H} NMR spectra were recorded on a JEOL ECS500 spectrometer 
operating at 500.16 and 125.65 MHz, respectively, or a Bruker Avance300 spectrometer 
operating at 300.15 and 75.47 MHz, respectively; chemical shifts are quoted in ppm relative 
to tetramethylsilane.  Due to the extremely air-sensitive nature of 3-5, their thermal 
instability, and the varying amounts of coordinated THF present after exposure to vacuum, 
we were unable to obtain elemental analyses consistent with either the X-ray crystal 
structures or the NMR data for these compounds. 
(PhCH2)2Ca(THF)4 (3): To a suspension of  CaI2 (1.52 g, 5.17 mmol) in THF (20 
mL) was added a solution of PhCH2K (1.35 g, 10.37 mmol) in THF (15 mL) and this mixture 
was stirred for 16 h.  The solution was filtered and the filtrate was concentrated in vacuo to 
ca. 5 mL.  This solution was carefully layered with diethyl ether (20 mL) and allowed to 
stand for 16 h.  The bright orange crystals of 3 were isolated and washed with a little diethyl 
ether and residual solvent was removed in vacuo.  Yield 1.29 g, 68% [based on the 
composition (PhCH2)2Ca(THF)2 (3a), see text].  
1
H NMR (d8-THF):  1.59 (s, 4H, PhCH2), 
1.85 (m, 8H, THF), 3.68 (m, 8H, THF), 5.84 (m, 2H, Ph), 6.42 (m, 4H, Ph), 7.24 (m, 4H, 
Ph).  
13
C{
1
H} NMR (d8-THF):  25.41 (THF), 40.94 (PhCH2), 67.31 (THF), 108.09, 118.53, 
127.33, 159.88 (Ph). 
(PhCH2)4Sr2(THF)3 (4): To a suspension of SrI2 (2.00 g, 5.86 mmol) in THF (20 
mL) was added a solution of PhCH2K (1.52 g, 11.67 mmol) and this mixture was stirred for 
16 h.  The solution was filtered and the filtrate was concentrated to ca 3 mL.  This solution 
was carefully layered with diethyl ether (30 mL) and allowed to stand for 16 h.  The deep 
orange crystals were isolated and washed with a little diethyl ether and residual solvent was 
removed in vacuo.  Yield 1.08 g, 54% [based on the composition (PhCH2)2Sr(THF) (4a), see 
text].  
1
H NMR (d8-THF, 21 °C):  1.66 (s, 4H, PhCH2), 1.79 (m, 4H, THF), 3.61 (m, 4H, 
THF), 5.58 (m, 2H, Ph), 6.17 (m, 4H, Ph), 6.45 (m, 4H, Ph).  
13
C{
1
H} NMR (d8-THF, 21 
°C):  25.42 (THF), 45.80 (PhCH2), 67.35 (THF), 105.97, 116.27, 128.37, 157.66 (Ph). 
(PhCH2)6Ba3(THF)4 (5): To a suspension of finely divided BaI2 (1.41 g, 3.61 mmol) 
in THF (20 mL) was added a solution of PhCH2K (0.94 g, 7.22 mmol) in THF (20 mL) and 
this mixture was stirred for 1.5 h.  The solution was filtered and the filtrate was concentrated 
to ca. 20 mL, whereupon crystals of 5 began to deposit.  The filtrate was left to stand for 16 h 
and the deep orange crystals of 5 were isolated, washed with a little diethyl ether and residual 
solvent was removed in vacuo.  Yield 0.62 g, 48% [based on the composition 
(PhCH2)2Ba(THF)0.5 (5a), see text].  
1
H NMR (d8-THF):  1.66 (m, ~2H, THF), 1.89 (s, 4H, 
PhCH2), 3.51 (m, ~2H, THF), 5.26 (m, 2H, Ph), 5.67 (m, 4H, Ph), 6.31 (m, 4H, Ph).  
13
C{
1
H} 
NMR (d8-THF):  25.39 (THF), 55.98 (PhCH2), 67.23 (THF), 102.71, 113.64, 130.40, 
154.41 (Ph). 
Crystal Structure Determinations of 4 and 5:  Measurements were made at 150 K 
on an Oxford Diffraction (Agilent Technologies) Gemini A Ultra diffractometer, using 
CuK radiation ( = 1.54184 Å) for 4 and MoK radiation ( = 0.71073 Å) for 5.  Cell 
parameters were refined from the observed positions of all strong reflections.  Intensities 
were corrected analytically for absorption, using a multi-faceted crystal model.
14
  The 
structures were solved by direct methods and refined on F
2
 values for all unique data; Table 
S1 in the Supporting Information gives further details.  All non-hydrogen atoms were refined 
anisotropically, and H atoms were constrained with a riding model; U(H) was set at 1.2 times 
Ueq for the parent C atom.  Disorder in one THF ligand in 4 and two THF ligands in 5 was 
successfully modelled with the use of restraints.  Programs were Oxford Diffraction 
CrysAlisPro for data collection and processing, and Olex2 for structure solution, refinement, 
and molecular graphics.
15 
Supporting Information: For 4 and 5 details of structure determination, atomic 
coordinates, bond lengths and angles, and displacement parameters in CIF format; details of 
the crystallographic data for 4 and 5 in tabular format.  For 3-5 
1
H and 
13
C{
1
H} NMR 
spectra.  This material is available free of charge via the Internet at http://pubs.acs.org.   
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